. Such a decrease leads to the view that they are closely implicated in the formation of enamel crystal (Eastoe 1968 ; Glimcher 1979 ; Drinkard et al. 1981; Robinson and Kirkham 1986) . Enamel proteins, 90 to 100% of the organic matrices, are glycoproteins designated as amelogenin and enamelin (Termine et al. 1980 ; Robinson and Kirkham 1986) . Their amino acid compositions are studied very well in several species (Eastoe 1979 ; Termine et al. 1980 ; Fincham et al. 1982 ; Slavkin et al. 1982) , and partial and complete amino acid sequences of amelogenin are reported in some species (Fincham et al. 1981 (Fincham et al. , 1983 Takagi et al. 1984 ; Snead et al. 1985) . The similarity in composition and sequence of their amino acids among species suggests that they have same biological activities in many species. The composition and sequence of their carbohydrates also seem of importance for their biological activities as well as those of their amino acids. However not many things have been known about the composition and sequence of their carbohydrates. There are two reports about chemical analysis of carbohydrate composition in bovine enamel proteins. Seyer and Glimcher (1969) have shown some of enamel proteins to contain galactosamine, galactose and mannose residues. Termine et al. (1980) have shown both amelogenin and enamelin to contain galactosamine, glucosamine and sialic acid residues, but a large part of carbohydrates comprising each enamel protein remains to identify.
Mucopolysaccharides have been shown to be less than 1% of proteins by weight in organic matrices of bovine immature enamel (Fukae 1970a) . Other glycoconjugates in organic matrices of immature enamel, if present, seem to be very small in amount (Fincham et al. 1972; Goldberg et al. 1983) , although a preliminary report has shown some lipids to be glycolipids in bovine immature enamel (Araya et al. 1967) . Elwood and Apostolopoulos (1975b) have shown the total volume of carbohydrates in the immature enamel of rat incisors and several sugar residues identified in the carbohydrates by chemical analysis. However considering a possible contamination of cell components to the enamel matrices (Goldberg et al. 1983) , it is not yet definite that how many and what species of carbohydrate residues the immature enamel contains as a proper component.
Lectins are used as an effective probe for carbohydrate moieties of glycoconjugates, although analysis by using lectins dose not surpass chemical analysis in the identification of sugar residues. The application of them to histochemistry (lectin-histochemistry) is of great use for the study about similarities and dissimilarities in carbohydrate moieties of glycoconjugates comprising immature enamel among species and among developmental stages. Up to now, there is only one report which has shown glycoconjugates in immature enamel by lectinhistochemistry (Smith 1984) . The purpose of this study is to provide further information on carbohydrate moieties of glycoconjugates in immature enamel by lectin-histochemistry.
MATERIALS AND METHODS
Male Wistar rats aged 7 to 8 weeks were used and their incisor enamel organs were examined. Under anaesthesia animals were perfused through the right common carotid artery with fixative (50-100 ml) following 10 ml PBS by means of a peristaltic pump at room temperature. The fixative was 4% paraformaldehyde buffered with 0.1 M cacodylate buffer (pH 7.4). After perfusion the right mandibles were dissected out, immersed overnight at 4°C in the same fixative, and demineralized in 5% EDTA buffered with 50 mM cacodylate (pH 7.4) containing 0.1 M sodium chloride at 4°C for 4 weeks. Then they were dehydrated through a graded ethyl alcohol series, cleared with xylene, and embedded in paraffin. Sections were cut at 4,um, mounted on glass slides. After drying in air at 37°C they were deparaffinized using xylene and rehydrated through a graded ethyl alcohol series.
Four lectins employed for staining and their specific sugar affinities were as follows Canavalia ensiformis (Con A) with affinity for a-D-mannose and a-D-glucose residues ; Maclura pomifera agglutinin (MPA) with affinity for a-D-galactose residues ; Arachis hypogaea agglutinin (PNA) with affinity for terminal D-galactose-(/31-± 3)-N-acetyl-Dgalactosamine residues ; Triticum vulgaris (WGA) with affinity for N-acetyl-D-glucosamine and N-acetyl neuraminic acid residues. We referred to Goldstein and Hayes (1978) , Bhavanandan and Katlic (1979) , and Pearse (1985) for the sugar binding specificity of lectins. The lectins were purchased as a conjugate with fluorescein isothiocyanate (-F) or tetramethyl rhodamine isothiocyanate (-R) from E. -Y. laboratory (San Mateo, CA, USA).
All of the following staining procedure with the lectin-marker conjugates were carried out at room temperature. Rehydrated tissue setions on glass slides were flooded with a staining solution containing 20 to 100,ug of a lectin-marker conjugate per ml in Dulbecco's phosphate buffered saline (PBS) without CaC12 for 30 min. In case of Con A-F, we used the buffered saline consisting of 50 mM tris-hydrochloride buffer (pH 7.4), 150 mM NaC1,1.0 mM CaCl2, and 1.0 mM MnC12 (TBS). The sections were then rinsed with PBS (or TBS) for 5 min three times. Thereafter the sections were mounted in modified PVA medium (Lennette 1978) , covered with coverglasses and observed using a fluorescent microscope equipped with an epi-illuminator (Olympus BH2-RFK). Modified PVA medium consists of polyvinyl alcohol, Tris-phosphate buffer (pH 9.0), glycerol, 1% phenol red and chlorobutanol. As a control to confirm the sugar specificity for the stain with each lectin-marker conjugate, other sections were stained with a mixture of a staining solution and a corresponding inhibitory sugar. The mixture was made at 30 min before use. The concentration of each inhibitory sugar was 0.1 or 0.2 M. The inhibitory sugars were methyl-a-Dglucoside, a-D-melibiose, /-lactose and N-acetyl-D-glucosamine which were corresponding to Con A-F, MPA-F, PNA-F and WGA-R, respectively.
RESULTS
The immature enamel was strongly stained with MPA-F and WGA-R in secretion stage (Figs. 1, 2 ), but not with the other labeled lectins examined. With neighboring to the immature enamel, the region where Tomes' processes of secretory ameloblasts were located was very strongly stained with MPA-F and somewhat strongly with WGA-R. A part of the same region was weakly stained with Con A-F (Fig. 3) . The distal half, facing immature enamel, of secretooy ameloblasts (distal cytoplasm) was stained with Con A-F, MPA-F, PNA-F and WGA-R which were somewhat different one another in intensity or extent of the stain. The site weakly stained with Con A-F was dispersed in the distal cytoplasm and was vague in outline (Fig. 3) . The site strongly stained with MPA-F was situated in the central portion of the distal cytoplasm and streaked along the long axis of each cell (Fig. 1) . The site stained with PNA-F was located in the central portion of the distal cytoplasm, but somewhat indistinct in outline because of the weak stain (Fig. 4) . While nuclei, which are located in the proximal half, of secretory ameloblasts were not stained themselves with any labeled lectins examined, their outlines were somewhat clearly delinearly with Con A-F (Fig. 3) . Since no sugar-specificity was observed in controls (Fig. lb, 2b, 3b, 4b ), the stain with each labeled lectin was non-specific in the proximal end of secretory ameloblasts. Cells of stratum intermedium, stellate reticulum and outer enamel epithelium were moderately stained with Con A-F (Fig. 3) and strongly with WGA-R (Fig.  2) . Cells of stratum intermedium, which neighbor the proximal ends of secretory ameloblasts in a row, were also moderately stained with MPA-F (Fig. 1) . The margin of these cells was constantly stained, while the central portion was frequently unstained.
Cells of stellate reticulum and outer enamel epithelium showed weak non-specific stain with MPA-F. Capillary endothelial cells and pericytes seemed to be stained with Con A-F (Fig. 3) and WGA-R (Fig. 2 ), but not with MPA-F (Fig. 1) . It was not clear whether or not cells were stained with PNA-F in stratum intermedium, stellate reticulum, outer enamel epithelium and capillary because of little difference in intensity of the stain compared with the control (Fig. 4) . The connective tissue surround enamel organ was stained with Con A-F (Fig. 3) and WGA-R (Fig. 2 ), but not with MPA-F and PNA-F.
Controls. In case of a sugar-specific stain, fluorescence decreased in intensity or was completely lost.
DISCUSSION
The immature enamel of rat incisors was stained with MPA--F and WGA-R, indicating the presence of MPA-and WGA-binding glycoconjugates as its organic components. The majority of organic components in immature enamel are enamel proteins, the other is a small amount of mucopolysaccharides and lipids (Fukae 1970a ; Fincham et al. 1972 ; Elwood and Apostolopoulos 1975a ; Goldberg et al. 1983 ; Robinson and Kirkham 1986) . In addition, enamel proteins have been shown to be glycoproteins in bovine (Termine et al. 1980) . Therefore rat enamel proteins are highly possible candidates for the MPA-and WGAbinding glycoconjugates. This view is reinforced with our findings that the distal cytoplasm of secretory ameloblasts was also stained with MPA-F and WGA-R. That is because secretory ameloblasts synthesize and secrete enamel proteins as a main product, and because they have well-developed rough-endoplasmic retioulum and Golgi apparatus in their distal cytoplasm where enamel proteins are produced (Reith 1960 (Reith , 1961 Kallenbach et al. 1963 ; Warshawsky 1968 ; Weinstock and Leblond 1971) . Previous reports conflicts on whether or not immature enamel contains galatose residues (Seyer and Glimcher 1969 ; Fukae 1970b ; Elwood and Apostolopoulos 1975b) . MPA has a nominal sugar specificity for a-D-galactose residues. Being stained with MPA-F, the immature enamel of rat incisors would contain a-D-galactose residues. WGA has major sugar specificities for N-acetyl-D-glucosamine and N-acetyl-neuraminic acid residues. Being stained with WGA-R, the immature enamel of rat incisors would contain N-acetyl-Dglucosamine and/or N-acetyl-neuraminic acid residues. This agrees with previous chemical analyses which have shown immature enamel to contain N-acetyl-Dglucosamine and sialic acid residues as a component in rat and bovine, respectively (Elwood and Apostolopoulos 1975b; Termine et al. 1980) . PNA-and Con A-binding glycoconjugates may mainly be intermediates in the process of glycoconjugate production in secretory ameloblasts. A weak but distinct stain with PNA-F was observed in the distal cytoplasm of secretory ameloblasts (presumably Golgi area), but not in the other portion of the cells and in the immature enamel. This indicates that PNA-binding sugar residues are transiently or elementally situated as a terminal sugar residue of glycoconjugates in Golgi apparatus where terminal sugar chain modification may occur in the cells. PNA is a lectin with affinity for terminal D-galactose-(/31->3)-N-acetyl-Dgalactosamine residues. On the assumption that the PNA-binding glycoconjugates become components of the immature enamel, other sugar residues are moreover added to the /3-n-galactose and/or N-acetyl-n-galactosamine residues, resulting in the immature enamel and Tomes' processes unstained with PNA-F. Presumably such sugar residues are a-D-galactose, N-acetyl-n-glucosamine and N-acetyl-neuraminic acid because the immature enamel, Tomes' process and distal cytoplasm of the secretory ameloblasts were stained with MPA-F and WGA-R as stated above. There is a possibility that the PNA-binding glycoconjugates are intermediates becoming intracellular enzymes or becoming components of plasma or intracellular membrane.
Distal cytoplasm was stained with Con A-F in secretory ameloblasts of rat incisors. This indicates that Con A-binding glcoconjugates are located in the distal cytoplasm. Generally a cell will contain glycoproteins with N-linked (or asparagine-linked) oligosaccharides which are intracellular enzymes, components of plasma membrane, and so on. It is well known that glycosylation of such glycoproteins begins by transferring a precursor oligosaccharide from a carrier lipid to an asparagine in a nascent polypeptide (Kornfeld and Kornfeld 1985) . In this stage which takes place in rough-endoplasmic reticulum (R-ER), the oligosaccharide linked to a protein has mannose and/or glucose as a terminal sugar residue. Thereafter the oligosaccharide is modified and its chain elongates by other sugars being added to it in R-ER and Golgi apparatus.
In this sense, many Con A-binding glycoconjugates tend to be located in an intracellular portion where R-ER and Golgi apparatus develop well, because Con A is a lectin with affinity for both a-D-mannose and a-D-glucose residues. R-ER and Golgi apparatus develop very well in the distal cytoplasm of secretory ameloblasts of rat incisors. Therefore the Con A-binding glcoconjugates located in the distal cytoplasm may mainly be intermediates in the process of glycoconjugate production. Some of such Con A-binding glycoconjugates may become glycoconjugates located in plasma membrane of Tomes' process because Tomes' process was also stained with Con A-F. The other may become glycoconjugates (including enzymes) located in lysosome, R-ER, Golgi apparatus and so on.
The present study is related to recent two reports (Smith 1984; Nakai et al. 1985) , one of which refers to immature enamel. There are discrepancies between Smith's results (1984) and ours regarding immature enamel. Smith (1984) has shown rat immature enamel somewhat stainable with HRP-labeled Con A but unstainable with HRP-labeled MPA and WGA, while we showed it unstainable with Con A-F but stainable with MPA-F and WGA-R. It is difficult to answer the question about what these discrepancies can be attributed to, although some suggestions are given below about this. One suggestion is that the discrepancy with regard to Con A may be attributed to the difference between his staining procedure with trypsinization and ours without it. The trypsinzation is thought to expose more inner part of macromolecules to histochemical reagents on tissue sections (Takai et al. 1986) . Therefore the Con A-binding sugar residues may be situated at more inner part of the glycoconjugate molecules and/or glycoconjugate aggregates in rat immature enamel, which resultd in unstain with Con A-F before trypsinization.
Another is that these discrepancies may be attributed to the difference of tooth species : Rat molars in Smith's study versus rat incisors in ours. The last suggestion is that there may be some doubt whether the lectins used by Smith (1984) were active. There are also discrepancies between the results of Smith (1984) and those of Nakai et al. (1985) regarding secretory ameloblasts. Smith (1984) has shown rat molar secretory ameloblasts unstainable with six HRP-labeled lectins, while Nakai et al. (1985) have shown rat incisor secretory ameloblasts stainable with the same lectins under almost same experimental conditions except for tooth species. Our results are consistent with those of Nakai et al. (1985) who have shown both secretory ameloblasts and stratum intermedium stainable with labeled Con A, PNA and WGA. When rat secretory ameloblasts of both molars and incisors have naturally same histochemical properties, the result of Smith (1984) should be doubted.
In conclusion, enamel proteins may contain oligosaccharides to which MPA and WGA bind. Control. Non-specific fluorescence was found moderately in the proximal ends of secretory ameloblasts and weakly in stratum intermedium, stellate reticulum and outer enamel epithelium. X 220. A, ameloblastic layer (the upper side is distal and the lower side is proximal in the micrographs) ; D, dentin ; E, immature enamel ; I, stratum intermedium, stellate reticulum and outer enamel epithelium ; arrow heads, capillary lumen. Fig. 2 . Fluorescent micrographs of the section stained with WGA-R. a : Intense fluorescence was found in Tomes' process, stratum intermedium, stellate reticulum, outer enamel epithelium and the connective tissue surrounding the enamel organ. Moderate fluorescence was found in the immature enamel and lateral border of adjoining secretory ameloblasts. x 220. b : Control. The fluorescence from stratum intermedium, stellate reticulum, outer enamel epithelium and Tomes' process markedly decreased in the secretory ameloblasts. X 220. C, connective tissue ; The meanings of the other symbols are the same as in Fig. 1 . Fig. 3 . Fluorescent micrographs of the section stained with Con A-F, a : Weak fluorescence was found in Tomes' process and the distal cytoplasm of each secretory ameloblast whose nucleus was also outlined by it. Moderate fluorescence was found in stratum intermedium, stellate reticulum, outer enamel epithelium and the connective tissue surrounding the enamel organ. X 220. b : Control. Weak non-specific fluorescence was observed in the proximal ends of secretory ameloblasts. X 220. The meaning of each symbol is the same as in Fig. 2 . Fig. 4 . Fluorescent micrographs of the section stained with PNA-F. a : Weak fluorescence was found in the distal cytoplasm of secretory ameloblasts. X 220. b : Control. non-specific fluorescence were found moderately in the proximal ends of secretory ameloblasts and weakly in stratum intermedium, stellate reticulum and outer enamel epithelium. X 220. The meaning of each symbol is the same as in F]Lg.1.
